A model for solving the problem of heat distribution along the front surface of a tool with a shaped profile is considered. Analytical dependencies for estimating the temperature of the tool of elliptic profile for turning with radial feed in Cartesian and polar coordinate systems are obtained for the model under consideration. As a result, the obtained dependences can be applied to similar thermal calculations of instruments with other forms of plane curves both in turning with radial feed and in milling conditions. The calculation of a flat temperature field on the front surface of a shaped tool has been carried out and it has revealed areas with the highest temperatures at the contact area and the maximum wear values.
Introduction
Thermal state of the tool, working on forced modes, affects the rate of its wear. The levels of the temperatures while cutting can reach critical values, therefore the problem of evaluation of heat flows and temperatures using calculation methods is actual. Dependencies for calculation of the cutting temperatures for instruments with a straight cutting edge are known [1] [2] [3] , but those dependencies can be used for the problem in a linear formulation, when it is impossible to determine the temperature distribution at any point on the front surface of the tool.
A shaped cutter of an elliptic profile is presented in the article as an object of the research, which can be used both for modeling of process of radial shaped turning and for milling.
Problem formulation and solution methods
The problem of distribution of the temperature field is solved on the front surface of the convex part of the cutter of the elliptical profile (region 2-3-4 in Fig. 1, a) , because the cutting conditions will be practically identical for a concave part (regions 1-2 and 4-5) of the tool in view of the fact that the convex and the concave parts are the generating curves of the same elliptic profile.
The origin of coordinates for a convex part of the elliptic cutter with semiaxis a and b is located in the centre of the tool (system X1O1Y1). For this case the equation of a convex part of ellipse in polar coordinates r and θ (Fig. 1, b 
The transformation formulas from polar coordinates to Cartesian x, y have the form: 
We assume that the heat flow with 0 q density acts on the tool during cutting (Fig. 1, b) . It propagates along the cutting blade unevenly and assumes the maximum value on the top of the tool (point 3 in Fig. 1, a) , and approaching the points 2 and 4 it decreases and becomes equal to zero at these points. Let then the heat flow along the cutting blade vary according to the dependence:
from which the heat flow density function along the cutting blade takes the form:
takes into account the proportion of heat flowing into the tool. This type of heat flow can be explained by the inconstancy of cutting geometry: rear angle of the tool takes maximum value on the top 3 ( Fig.1,a) , which provides the best cutting conditions; when approaching points 2 and 4 it decreases and becomes equal to 0, i.e. the cutting process becomes impossible.
The stationary heat equation for the conditions, described above, has the following form:
where ∆ is the Laplace operator; 0 1 m  -coefficient that takes into account the heat exchange of the instrument with the environment.
In the polar coordinate system with the origin in the center of the tool, the differential heat equation has the form:
with the following boundary conditions:
λ 1 -coefficient of thermal conductivity of the tool material.
The solution of the boundary value problem (7), (8) has been found using the method of separation of variables:
Substituting (9) into (7), we obtain [4]:
where const   . The dependence (10) has 2 solutions:
The variables are also separated in the boundary conditions. It follows from (8):
The solution of the boundary-value problem (11), (13) has the following form:
Using the substitution 1 m r   and the equality n   , we obtain from (12) an ordinary differential equation:
Dependence (15) is a Bessel equation of diffusion type, which defines the modified functions: the Bessel function of the imaginary argument and the modified Hankel function (MacDonald function) [5] . If the argument n is also valid, then both functions take real values.
Since the solution of the problem is limited when 0   , due to the singularities at zero of the functions of MacDonald we get:
Consequently: 
Using the dependencies (3) and (19) we obtain the final expression for the tool temperature field in Cartesian coordinates:
  
Thus, on the basis of dependences (21) - (23) it can be concluded that the heat flow distribution coefficient in this case is a function dependent on the main angle in plan; therefore, in calculating the heat leaving the tool, the position of the point on the cutting tool blade should be considered.
Example of calculation of the thermal distribution of the tool
The calculation of the thermal field of the cutter of the elliptical profile while turning with a radial feed of steel 45 with a carbide T15K6 cutter is presented below:
Initial data: Cutting modes: -3 m, b=5·10 -3 m Tool (hard alloy T15K6):
, we obtain the temperature distribution (Fig.2 ). Fig. 2 shows the distribution of temperatures along the front surface of the tool in the form of level lines. As we can see from the obtained diagrams, the temperature assumes minimum values far from the cutting edge and increases as it approaches it. The maximum temperature value, equal to 788 degrees, is observed on the top of the tool, where the angle in plan and the rear angle take the maximum values (point with coordinates 0, 0 x y   ).
Conclusions
The solution of the problem of heat propagation on the working surface of the tool allows to evaluate the distribution pattern and the level of emerging temperatures on the front surface of the instrument, to identify areas of possible maximum wear and to calculate the wear rate at any point of the blade, and to predict the tool's durability.
